The enzyme activities specified by the tyrA and pheA genes were studied in wildtype strain Salmonella typhimurium and in phenylalanine and tyrosine auxotrophs. 
group of tyrA mutants capable of interallelic complementation had altered enzymes which retained chorismate mutase T activity but lacked prephenate dehydrogenase. Similarly, pheA mutants (in which interallelic complementation does not occur) had one group with altered enzymes which retained chorismate mutase P but lacked prephenate dehydratase. Tyrosine and phenylalanine auxotrophs outside of these categories showed loss of both activities of their respective bifunctional enzyme. TyrA mutants which had mutase T were considerably derepressed in this activity by tyrosine starvation and consequently excreted prephenate. A new and specific procedure was developed for assaying prephenate dehydrogenase activity.
It has been shown by Cotton and Gibson (3) that two chorismate mutases are involved in the biosynthesis of phenylalanine and tyrosine in Aerobacter aerogenes and Escherichia coli. A bifunctional protein having both phenylalanine chorismate mutase (mutase P) and prephenate dehydratase activities catalyzed the conversion of chorismate to phenylpyruvate. Similarly, an enzyme having both tyrosine chorismate mutase (mutase T) and prephenate dehydrogenase catalyzed the conversion of chorismate to 4-hydroxyphenylpyruvate ( Fig. 1) . Abortive transduction tests carried out by Nishioka, Demerec, and Eisenstark (22) on tyrosine auxotrophs of Salmonella typhimurium (tyrA) have indicated the occurrence of four groups with capacity for interallelic complementation. In this communication, we describe results of enzymatic studies to determine whether tyrosine auxotrophs belonging to each of the four complementation groups lost both chorismate mutase and prephenate dehydrogenase activities of the bifunctional protein or only one of them. Phenylalanine auxotrophs of S. typhimurium (pheA), in which genetic analysis had not indicated interallelic complementation (22) , were investigated in a similar manner to determine their chorismate mutase and prephenate dehydratase activities. It Prephenate dehydrogenase assay. Column fractions enriched in prephenate dehydrogenase, which were obtained from mutant cell extracts, contained reduced NAD (NADH) oxidase activity and could not be assayed by measuring NADH formation. Enzyme activity was therefore measured by one of the following methods.
(i) With Millon's reagent, essentially as described by Schwink and Adams (24), reaction was initiated by adding 0.3 ml of column eluate or appropriately diluted crude extract to 0.2 ml of a solution containing 2.5 mm barium prephenate, 5 mm NAD, and 0.25 M phosphate buffer, pH 7.8. The reaction mixture was incubated at 37C for I hr and treated with 0.35 ml of 6 N H2SO4 and 1.2 ml of water. Any precipitate which formed at this point was removed by centrifugation, and 0.4 ml of 15% HgSO4 in 6 N H2S04 was added. Solutions were heated for 10 min at 100 C, cooled in an ice bath, and clarified by centrifugation. Absorbancy was determined at 490 nm before and after adding 0.08 ml of 5% NaNO2. Control solutions, prepared by omitting substrate, and standards, prepared by substituting 4-hydroxyphenylpyruvate for enzyme and substrate, were run simultaneously.
(ii) The Millon procedure for phenolic compounds was found to be tedious, insensitive, and nonspecific for the determination of prephenate dehydrogenase activity. An alternate method which avoids these difficulties was developed employing the general procedure for determination of aromatic alpha-keto acids developed by Knox and Pitt (14) . In the new procedure, advantage is taken of the fact that at 330 nm the absorbancy of 4-hydroxyphenylpyruvate enol borate is more than 10-fold greater than that of phenylpyruvate enol borate.
Cell 2 mm barium prephenate and 2 mm NAD in the above buffer mixture in a final volume of 1.0 ml. The solutions were incubated at 37 C for 30 min, treated with 0.2 ml of 15% trichloroacetic acid, and incubated at 37 C for 10 min. The tubes were chilled in an ice bath for 5 min, proteins were removed by centrifugation, and 0.4 ml of the supernatant solutions was added to (i) 2.0 ml of 2 M sodium arsenate, adjusted to pH 6.5 with HCI (blank sample), and (ii) 2. 
RESULTS
Chorismate mutase activity was resolved into two fractions by chromatography on DEAE cellulose of extracts from wild-type S. typhimurium grown on minimal medium (Fig. 2) . The first fraction corresponding to mutase P coincided with prephenate dehydratase, whereas the second, smaller, fraction corresponding to mutase T coincided with prephenate dehydrogenase. Chromatography of extracts from wild-type cells grown under repressed conditions is shown in Fig. 3 . The small amount of mutase occasionally appearing around fraction 10 was part of a large protein fraction which was not retained on DEAE cellulose. It was not investigated further. Both mutase T and prephenate dehydrogenase were considerably repressed by 0.1 mM L-tyrosine. Similar results were obtined by Cotton and Gibson in A. aerogenes and E. coli (3).
In Table I As can be seen in Fig. 4 , chromatography of tyrA25 (group III) even under derepressed conditions yielded only mutase P which coincided with prephenate dehydratase activity, whereas mutase T as well as prephenate dehydrogenase activities were absent. Similar chromatographic profiles (not shown) were obtained for tyrA24 (group II) and tyrA33 (group IV) grown under derepressed or repressed conditions.
In contrast, derepressed cells of group I mutants, with the exception of tyrA3, showed a chromatographic profile illustrated by tyrA23 (Fig. 5) . Chorismate mutase activity was resolved into two peaks, mutase P which coincided with prephenate dehydratase and a large, broad peak corresponding to mutase T. Prephenate dehydrogenase, normally coinciding with mutase T, was absent as would be expected from the results shown in Table 1 . When grown in presence of 0.1 M L-tyrosine, tyrA23 showed a small mutase T peak indicating marked repression by tyrosine (Fig. 6) . Similar results were obtained with the other group I mutants, tyrA19 and tyrA35. However, the chromatograph of extracts from tyrA3 resembled those obtained with extracts from mutants of groups II, III, and IV, discussed above (Fig. 4) .
Chorismate mutase levels in extracts of six phenylalanine auxotrophs starved for phenylalanine indicated two groups of pheA mutants (Table 1) . In one group, specific activity ranged from 0.6 to 1.3 (pheA3, 5, 14, 17) , and in another it was approximately 0.1 to 0.2 (pheA15, 20). Chromatography of an extract of pheA3 starved for phenylalanine is shown in Fig. 7 . Chorismate mutase activity was resolved into two fractions corresponding to mutase P and T. Prephenate dehydratase activity which normally coincides with mutase P was not detectable in chromatographic fractions. Similar results were obtained by chromatography of extracts from pheAS. Chromatography of pheA20, a member of the low mutase P group, showed a peak for mutase T which coincided with prephenate dehydrogenase, but none for mutase P or prephenate dehydratase. Phenylalanine auxotrophs thus showed alterations in enzyme activity analogous to those observed in the tyrosine mutations, although chorismate mutase levels in phenylalanine-starved cells were not as high as those observed in their tyrosine counterparts.
The inhibitory effects of phenylalanine and of tyrosine have been tested on peak fractions obtained by column chromatography. It may be seen from the results shown in Table 2 that inhibitory effects on extracts prepared from tyrA23 paralleled those obtained on extracts from wildtype cells. Prephenate dehydratase was strongly inhibited by phenylalanine in enzyme fractions from both strains, whereas prephenate dehydrogenase which was absent in tyrA23 was strongly inhibited by tyrosine in enzyme fractions from LT-2. Chorismate mutase P was moderately inhibited (25%) by phenylalanine, whereas mutase T was not inhibited by similar concentrations of tyrosine. (Fig. 7) , would also be expected to accumulate prephenate when starved for phenylalanine. The original discovery of prephenate in culture filtrates of phenylalanine auxotrophs of E. coli starved for phenylalanine (6, 13) can be explained by the occurrence of an altered enzyme which had only mutase P activity.
DISCUSSION
The T enzyme, purified to near homogeneity from A. aerogenes, has been studied by Koch, Shaw, and Gibson (15, 16) . Their results indicated the presence of two very similar or identical subunits. Analogous observations were made on the E. coli enzyme (17, 18 
